INTRODUCTION
Monitoring studies of concentration of heavy met als and other trace elements in the sediments of the inflows of the Selenga river basin are important for assessing the effect of contamination by pollutants from industrial, urban and agricultural areas.
The river plays a significant role in the surrounding ecosystems as well as in the economic development of the country.
The state of ecosystem in any water body is signifi cantly governed by its tributaries, the water quality in which is largely depends on the processes developing in their catchment areas. Bottom sediments of a river accumulate substances flowing from its catchment area the reflect the quality of river water, and can serve as a reliable indicator of the environmental state of the river.
Sediment is the loose sand, clay, silt and other soil particles that settle at the bottom of a body of water (United State Environmental Protection) [1] . It can come from soil erosion or from the decomposition of plants and animals. Wind, water and ice help carry these particles to rivers, lakes and streams. Sediments comprise an important component of aquatic ecosys tems, providing habitat for a wide range of benthic and 1 The article is published in the original. ephibenthic organisms. Exposure to certain sub stances in sediments represents a potentially signifi cant hazard to the health of these organisms. In any river system, a knowledge of the concentra tions, and fate, of trace elements is extremely impor tant in addressing their impact on the regional envi ronment. The ultimate sink for elements in solution is the bottom sediment [2].
Urbanization and industrialization have led to major ecological and environmental problems throughout the world [3] . Trace elements such as heavy metals may be released into aquatic systems by both natural processes and anthropogenic activity.
Many studies have found that urban and industrial influents are major sources of heavy metals in rivers [3, 4] . During last decade, the Selenga river basin in Mongolia experienced a strong effect of rapidly devel oping gold mining. As a result, vast area of the basin dramatically changed, and the ecosystems there were virtually destroyed. It is known that any kind of activ ity (including industrial copper and gold mining) that destroys the structure of bottom sediment in the water bodies can markedly affect the water quality in them [5, 6] . Compared to other countries, Mongolian water reservoirs have been less affected by anthropogenic activities. However, population growth and rapid urbanization during the last 50 years have led to increased exploitation of water, increasingly adverse impacts of industries on the environment, deteriora tion in the natural water regime, water resource short age, pollution, and ecological degradation [7] . Increased industrial activity, environmental pollu tion with domestic and municipal waste water and agricultural runoff inputs into the river have disturbed the equilibrium of its ecosystem. Information on ele mental content in sediments is of great use for assess ing the pollution level in the study area and river water.
INAA for Determination of Trace Elements in Bottom Sediments
In addition, the problem of water degradation is becoming more serious when it comes to the case of placer gold mines, which dominantly use water through their recovery procedures. Annually, 160-300 million cubic meters of water are consumed only for the placer gold mining, and that much of effluent water is discharged to the river [8] .
Heavy metal concentrations determined in river sediments of the Tuul, which is one of the inflows of the Selenga river basin, evidence for a considerable impact of urban activity [9] . Previous studies [10, 11] had determined the levels of heavy metals and toxico logical status of bottom sediments of the Selenga river basin. Toxic bottom sediments were also found in a brook in the region of the Erdenet Mining Corpora tion (EMC), as well as in the Eroo and Bukhlyn rivers, which experience the effect of intense gold mining.
For obtaining the detailed and complete informa tion through analysis of the above mentioned objects multi elements INAA was chosen as most adequate analytical technique widely used for river pollution studies [12] [13] [14] .
The main goal of our study was to determine the concentrations of heavy metal and other trace ele ments in bottom sediments in the Selenge river basin to reveal possible sources of pollution and to assess the impact from industrial complex Erdenet and Zaamar gold mining zone on the ecosystem.
STUDY AREA
The country's largest river system, the Selenga river basin is a transboundary water system, which rises in the Khanghai Mountains in Mongolia and the major inflow into Lake Baikal, which is the world's largest fresh water reservoir.
In the Selenga river basin three major cities of Mongolia (Ulaanbaatar, Darkhan and Erdenet) are allocated being the country's political, economic and cultural life centers. Approximately 67% of Mongo lia's total population lives in this basin. Ulaanbaatar has over one million of population. The number of population in Darkhan and Erdenet reached 87 and 80 thousand, respectively. Erdenet is the big center of mining, concentration and primary processing of the copper and molybdenum ore, and in Darkhan ferrous metallurgy, dressing of leather, production of chemical compounds and building constructions are concen trated.
The Erdenet copper molybdenum mine is located in the Bulgan Aimag of northern Mongolia about 350 kilometers northwest of the capital of Ulaanbaatar.
Erdenet Mining Corporation (EMC) is one of the largest ore mining and ore processing factories in Asia. It operates since 1978 as a Mongolian Russian joint venture. Erdenet mines more than 22 million tons of ore per year, producing 126700 tons of copper and about 2000 tons of molybdenum [15] . Usually por phyry deposits are mined by open pit method which exposes sulphide minerals to the surface weathering condition accelerating natural chemical weathering process and releasing acid metals and sulphate to the environment.
The Tuul river flows through Ulaanbaatar and is the main source of water for the capital. The Kharaa river passes the towns of Selenga and Darkhan. It originates at the mountains north of Ulaanbaatar emptying into the Orkhon river and discharges together with the Orhon river into the Selenga river.
The Orkhon river is one of the largest rivers of Mongolia. Originated in province Arkhangai, it passes through the north west part of the province Uvurkhangai, and then flows through the eastern part of provinces Arkhangai, Bulgan, and Selenga and emptying into Selenga river near Sukhbaatar. The largest tributaries are Tamir and Tuul rivers. The study was carried out in these river catchments in central and northern Mongolia.
The Zaamar Goldfield is located within the Tuul river basin which has an area of 49840 km 2 and is a part of the Orkhon-Selenga river basins, which contribute approximately 50% of the total lake inflow to Lake Baikal. Gold mining activities occur over a distance of approximately 20 km along the river valley.
Large scale placer gold mining operates in the Zaamar region since 1992, and the village (soum) gold production in 1998 was 4.080 kg [16] . Gold produc tion continues to increase annually, and new mines are expected to be opened in the Zaamar Goldfield each year for the foreseeable future.
The area is heavily invaded by placer gold mining activities, and its impacts on the river system are very significant since the use of water is the main method to recover the gold bearing sands and soils. Damage occurs from open pit extraction of gold bearing sand and gravel deposits on the valley's floodplain, terraces, and alluvial fans, and also from injection of large amounts of silt and suspended sediment into the Tuul river from improperly operated mine washing plants and process water settling ponds. Other sources of sus pended sediment entering the Tuul river include runoff from improperly designed open pit mines, mine roads, unreclaimed and improperly reclaimed areas where mining is finished.
